CAIT-UTC-059

Nondestructive Evaluation of Four Sister Bridges in
Virginia Using Manual NDE Technologies and Robotic
Platform RABIT

Final Report

July 2015
Jinyoung Kim Trung Duong
Research Associate
Kien Dinh Nenad Gucunski

Professor

Rutgers’ Center for Advanced Infrastructure and Transportation
100 Brett Road
Piscataway, NJ 08854

External Project Manager
Hoda Azari
Federal Highway Administration — Turner Fairbanks Highway Research Center

In cooperation with
Rutgers, The State University of New Jersey

And

State of New Jersey

Department of Transportation
And
U.S. Department of Transportation
Federal Highway Administration




Disclaimer Statement
The contents of this report relfect the views of the authors, who are responsible for the facts and the
accuracy of the information presented herein. This document is disseminated under the sponsorship of the
Department of Transportation, University Transportation Centers Program, in the interest of information
exchange. The U.S. Government assumes no liability for the contents or use thereof.



TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
CAIT-UTC-059
4. Title and Subtitle 5. Report Date
July 2015
Nondestructive Evaluation of Four Sister Bridges 6. Performing Organization Code
in Virginia Using Manual NDE Technologies and CAIT/Rutgers
Robotic Platform RABIT
7. Author(s) 8. Performing Organization Report No.
Jinyoung Kim, Trung Duong, Kien Dinh, Nenad CAIT-UTC-059
Gucunski
9. Performing Organization, Name and Address 10. Work Unit No.

Center for Advanced Infrastructure and Transportation
Rutgers, The State University of New Jersey

100 Brett Road 11. Contract or Grant No.

Piscataway, NJ 08854
DTRT12-G-UTC16

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Center for Advanced Infrastructure and Transportation Final Report

Rutgers, The State University of New Jersey 5/22/15 - 9/30/2015

100 Brett Road 14. Sponsoring Agency Code

Piscataway, NJ 08854

15. Supplementary Notes

U.S Department of Transportation/Research and Innovative Technology Administration
1200 New Jersey Avenue, SE

Washington, DC 20590-0001

16. Abstract

Understanding the factors that influence the performance of a bridge is a very important topic and due to the
complexity of bridges, this is rather a hard task because there are multiple factors, which can influence the
performance of a bridge. These factors can include design practices, construction quality, environmental factors,
and truckload.

Sister bridges are parallel bridges that generally have identical design and construction quality. The main difference
between these structures is often the load factor; therefore, there is a great opportunity for studying these
structures. Within this research project, condition assessment of two sets of sister bridges in Virginia will be
conducted using manual NDE technologies as well as the robotic platform RABIT™. The following NDE
methods will be used in both the automated and manual testing: Impact Echo, Ultrasonic Surface Waves,
Ground Penetrating Radar and Electrical Resistivity method. The data collected from all the technologies will
be analyzed and the results presented in terms of condition maps and calculated condition indices.

17. Key Words 18 Distributional Statement

Non Destructive Evaluation, Non Destructive Testing,
NDE, NDT, Bridge Performance, Concrete Bridge Deck,
Performance of Sister Bridges

19. Security Classification | 20. Security Classification (of this page) 21. No. of Pages 22. Price

Unclassified Unclassified 26

Form DOT F 1700.7 (8-09)



TABLE OF CONTENTS

LIST OF FIGURES ...ttt ettt v
LIST OF TABLES ...ttt bbbt b bbbt v
1. OVERALL CONDITION OF THE SURVEYED BRIDGES.........c.ccccoiiiiiiiiiicen, 1
2. BRIDGE NO. 000000000014 178 .....cociiiiiiiiiiaieeieiesiesie et 2
2.1.  Delamination Condition Surveyed by Impact Echo ...........ccccoviiiiiiiiiiiiiii, 2
2.2.  Concrete Modulus Surveyed by Ultrasonic Surface Wave ..........cccooceeiieiiniienninnn 3
2.3.  Corrosion Rate Surveyed by Electrical ResiStivity.........cccovvviiiiiiiiiniiiiiiiciiiieien 4
2.4.  Corrosion Rate Surveyed by Half-Cell Potential............cccceoiiiniiiiniiiiciiicen 5
2.5.  Overall Deck Condition Surveyed by Ground Penetrating Radar ............c..c.ocoee. 6
3. BRIDGE NO. 000000000014 T80 .......ccicueiuieiiriieniieiesee sttt 7
3.1.  Delamination Condition Surveyed by Impact ECho ..........cccccvviiiiiiiiiiiiiin, 7
3.2.  Concrete Modulus Surveyed by Ultrasonic Surface Wave ..........cccoeeviieinniiieeninnn 8
3.3.  Corrosion Rate Surveyed by Electrical ResiStivity........cccoovviiiiiiiiiiiiiciiiiiicn, 9
3.4.  Overall Deck Condition Surveyed by Ground Penetrating Radar......................... 10
4. BRIDGE NO. 0000000000 T4216........cciiiiiieiiaieieiresiesiesie e 11
4.1.  Delamination Condition Surveyed by Impact ECho ...........ccccoooiiiinii 11
4.2.  Concrete Modulus Surveyed by Ultrasonic Surface Wave...........cccoceviniininnnn 12
4.3.  Corrosion Rate Surveyed by Electrical ResiStiVity..........cccooveiiiiiieniciiicncnene 13
4.4.  Overall Deck Condition Surveyed by Ground Penetrating Radar......................... 14
5. BRIDGE NO. 0000000000 14218 ........cciiiiiieiieieieiesiesie st 15
5.1.  Delamination Condition Surveyed by Impact ECho .........c.ccooiiiiiiiiiiiiiin, 15
5.2.  Concrete Modulus Surveyed by Ultrasonic Surface Wave........ccccoccveeviieeiiieennnnn. 16
5.3.  Corrosion Rate Surveyed by Electrical ResistiVity.........c.ccooviviiiiieiiiiiiiciiicns 17
5.4.  Overall Deck Condition Surveyed by Ground Penetrating Radar......................... 18

il



il



LIST OF FIGURES

Figure 1. Delamination condition map of bridge no. 000000000014178........ccccevveriiireriiveennnn. 2
Figure 2. Concrete modulus map of bridge no. 000000000014178 ........cccoviiiiiiiiniinieiiiees 3

Figure 3. Map of electrical resistivity and expected corrosion rates of bridge no.

0000000000T41T8 ... 4

Figure 4. Map of potential and expected corrosion activity of bridge no. 000000000014178.....5
Figure 5. Map of signal attenuation and deck condition of bridge no. 000000000014178.......... 6

Figure 6. Delamination condition map of bridge no. 000000000014180.........cccccecvvvriviriiivennnnnn. 7
Figure 7. Concrete modulus map of bridge no. 000000000014180 ........cccovvverieiiniiiieniiiennns 8
Figure 8. Map of electrical resistivity and expected corrosion rates of bridge no.

0000000000 TATB0 ..veveeieeieeieie sttt sb e bbbt ne e 9
Figure 9. Map of signal attenuation and deck condition of bridge no. 000000000014180........ 10
Figure 10. Delamination condition map of bridge no. 000000000014216...........ccevvrivrrnennnne. 11
Figure 11. Concrete modulus map of bridge no. 000000000014216 .........cceevveriiniieerieeiieennns 12
Figure 12. Map of electrical resistivity and expected corrosion rates of bridge no.

0000000000TA216 ... 13
Figure 13. Map of signal attenuation and deck condition of bridge no. 000000000014216......14
Figure 14. Delamination condition map of bridge no. 000000000014218...........cceevrvirininrnne. 15
Figure 15. Concrete modulus map of bridge no. 000000000014218 ..........cooerviiiieiiiniicieeenne 16
Figure 16. Map of electrical resistivity and expected corrosion rates of bridge no.

0000000000TA218 ..ottt bbbt 17
Figure 17. Map of signal attenuation and deck condition of bridge no. 000000000014218.......18

v



LIST OF TABLES

Table 1. List Of the BIIA@ES .. .oooiviiiiiiiiiiii e 1
Table 2. Delamination assessment of the surveyed sections of bridge no. 000000000014178:
percentage of deck area in various states of delamination............cccevvvveiiveeniiiennnnn. 2
Table 3. Concrete quality assessment of the surveyed sections of bridge no. 000000000014178:
average modulus and modulus variability .........cccccviiiiiiiiii 3
Table 4. Corrosion assessment of the surveyed sections of bridge no. 000000000014178:
percentage of deck area with various COTroSIOn Tates ........cccevvveerrieeiiveesiineesnineenenns 4
Table 5. Active corrosion assessment of the surveyed sections of bridge no. 000000000014178:
percentage of deck area with various corrosion activities ...........cccveveriveerieerieernennne. 5
Table 6. Overall deck condition of the surveyed section of bridge no. 000000000014178:
percentage of deck area in various states of cOndition ...........cccoecvereiiieiiiniienieee. 6
Table 7. Delamination assessment of the surveyed sections of bridge no. 000000000014180:
percentage of deck area in various states of delamination............ccoccevceeriiiiieiinnnne. 7
Table 8. Concrete quality assessment of the surveyed sections of bridge no. 000000000014 180:
average modulus and modulus variability .........cccccooiiiiiiiiiiiie s 8
Table 9. Corrosion assessment of the surveyed sections of bridge no. 000000000014180:
percentage of deck area with various COTTOSION Tates .........ccecvvvriveereeriieeseeeiee e 9
Table 10. Overall deck condition of the surveyed section of bridge no. 000000000014180:
percentage of deck area in various states of condition ............ccocvvvveiiiiiiiiniicinnnn 10
Table 11. Delamination assessment of the surveyed sections of bridge no. 000000000014216:
percentage of deck area in various states of delamination..............cccccvcviiiiiinnnnnn 11
Table 12. Concrete quality assessment of the surveyed sections of bridge no. 000000000014216:
average modulus and modulus variability ...........cccceviiiiiiiiiin 12
Table 13. Corrosion assessment of the surveyed sections of bridge no. 000000000014216:
percentage of deck area with various COITOSION Tates ..........cevvvrviieeiiiiieiee e 13
Table 14. Overall deck condition of the surveyed section of bridge no. 000000000014216:
percentage of deck area in various states of condition ............ccocvvveeiiiiiiiininninenn 14
Table 15. Delamination assessment of the surveyed sections of bridge no. 000000000014218:
percentage of deck area in various states of delamination.............ccccoeciiiiiiiinnnnne. 15
Table 16. Concrete quality assessment of the surveyed sections of bridge no. 000000000014218:
average modulus and modulus variability ...........cccoeviiiiiiiiin 16
Table 17. Corrosion assessment of the surveyed sections of bridge no. 000000000014218:
percentage of deck area with various COITOSION Tates ..........ceevvrvrreeiriiiiereereeeeens 17
Table 18. Overall deck condition of the surveyed section of bridge no. 000000000014218:
percentage of deck area in various states of condition ............ccecvvvveiiiiiiiiciineienn 18



Vi



Table 1. List of the bridges

1. OVERALL CONDITION OF THE SURVEYED BRIDGES

Structure No.

Surveyed Date

Ratings on a scale 0 (worst) to 100 (best)

Concrete modulus (USW)

Combined Delamination (IE) Corrosion (ER) Corrosion (HCP) Deterioration (GPR) Mean (ksi) STDEV (ksi)
000000000014178 May 26-28, 2015 39.9 40.9 23.7 33.4 3,008 988
000000000014180 May 29, Jun 18, 2015 52.1 72.1 - 40.6 3,514 1,582
000000000014216 Jun 15, 2015 47.9 59.0 - 15.8 3,625 764
000000000014218 Jun 16-17, 2015 53.1 82.2 - 40.3 3,638 1,016
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Figure 1. Delamination condition map of bridge no. 000000000014178
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Table 2. Delamination assessment of the surveyed sections of bridge no. 000000000014178: percentage of deck area in various states of delamination

Distribution (%)

Survey Method Condition Rating Good Fair Poor Serious

Manual 39.9 21 31 7 41
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Concrete Modulus Surveyed by Ultrasonic Surface Wave
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Figure 2. Concrete modulus map of bridge no. 000000000014178

Table 3. Concrete quality assessment of the surveyed sections of bridge no. 000000000014178: average modulus and modulus variability

Distribution (%) . . .
Survey Method < 3.500 ksi 3.500 - 4,500 ki > 2,500 ki Mean E (ksi) Standard Deviation (ksi)
Manual 68 27 5 3,008 088
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Figure 3. Map of electrical resistivity and expected corrosion rates of bridge no. 000000000014178

Table 4. Corrosion assessment of the surveyed sections of bridge no. 000000000014178: percentage of deck area with various corrosion rates

Distribution (%)

Survey Method Condition Rating High Moderate Low

Very Low

Manual 40.9 44 17 17

22
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Corrosion Rate Surveyed by Half-Cell Potential
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Figure 4. Map of potential and expected corrosion activity of bridge no. 000000000014178

Table 5. Active corrosion assessment of the surveyed sections of bridge no. 000000000014178: percentage of deck area with various corrosion activities

200 210 220 230 240 250 260 270

Distribution (%)

Condition Rating

90% Probability of Corrosion

Transition

90% Probability of No Corrosion

23.7

60

32

8




2.5. Overall Deck Condition Surveyed by Ground Penetrating Radar
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Figure 5. Map of signal attenuation and deck condition of bridge no. 000000000014178

Table 6. Overall deck condition of the surveyed section of bridge no. 000000000014178: percentage of deck area in various states of condition

Distribution (%)

Survey Method Condition Rating Good Fair Poor

Serious

Manual 334 11 19 22

48
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Figure 6. Delamination condition map of bridge no. 000000000014180

Table 7. Delamination assessment of the surveyed sections of bridge no. 000000000014180: percentage of deck area in various states of delamination

Distribution (%)

Survey Method Condition Rating Good Fair Poor Serious

Manual 52.1 28 34 14 24
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Concrete Modulus Surveyed by Ultrasonic Surface Wave
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Figure 7. Concrete modulus map of bridge no. 000000000014180

Table 8. Concrete quality assessment of the surveyed sections of bridge no. 000000000014180: average modulus and modulus variability

Distribution (%) . - .
Survey Method < 3.500 ksi 3.500 - 4,500 ksi > 2,500 ksi Mean E (ksi) Standard Deviation (ksi)
Manual 48 41 11 3,514 1,582




3.3. Corrosion Rate Surveyed by Electrical Resistivity
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Figure 8. Map of electrical resistivity and expected corrosion rates of bridge no. 000000000014180
Table 9. Corrosion assessment of the surveyed sections of bridge no. 000000000014180: percentage of deck area with various corrosion rates
. . Distribution (%)
Survey Method Condition Rating High Moderate Cow Very Low
Manual 72.1 20 8 12 61




3.4. Overall Deck Condition Surveyed by Ground Penetrating Radar
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Figure 9. Map of signal attenuation and deck condition of bridge no. 000000000014180

Table 10. Overall deck condition of the surveyed section of bridge no. 000000000014180: percentage of deck area in various states of condition

Distribution (%)

Survey Method Condition Rating Good Fair Poor Serious

Manual 40.6 12 22 33 33

10



4.1. Delamination Condition Surveyed by Impact Echo
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Figure 10. Delamination condition map of bridge no. 000000000014216

Table 11. Delamination assessment of the surveyed sections of bridge no. 000000000014216: percentage of deck area in various states of delamination

Survey Method

Condition Rating

Distribution (%)

Good

Fair

Poor

Serious
30

Manual

47.9

26

36

11




4.2. Concrete Modulus Surveyed by Ultrasonic Surface Wave

35 - @

0 10 20 30 40 5 60 70 8 90 100 110
Longitudinal Distance (ft.)

Lateral Distance (ft.)
3
r
)

6,000 (ksi)

2,000 3,000 4,000 5,000

Figure 11. Concrete modulus map of bridge no. 000000000014216

Table 12. Concrete quality assessment of the surveyed sections of bridge no. 000000000014216: average modulus and modulus variability

Distribution (%) . _ .
Survey Method < 3.500 Ksi 3.500 - 4,500 Ksi > 4,500 ksi Mean E (ksi) Standard Deviation (ksi)
Manual 50 41 10 3,625 764

12




4.3.
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Figure 12. Map of electrical resistivity and expected corrosion rates of bridge no. 000000000014216
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Table 13. Corrosion assessment of the surveyed sections of bridge no. 000000000014216: percentage of deck area with various corrosion rates

Survey Method

Condition Rating

Distribution (%)

High

Moderate

Low

Very Low

Manual

59.0

6

43

31

20

13




4.4,
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Overall Deck Condition Surveyed by Ground Penetrating Radar
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Figure 13. Map of signal attenuation and deck condition of bridge no. 000000000014216
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Table 14. Overall deck condition of the surveyed section of bridge no. 000000000014216: percentage of deck area in various states of condition

Survey Method

Condition Rating

Distribution (%)

Good

Fair

Poor

Serious

Manual

15.8

1

7

26

67

14




5.1
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Table 15. Delamination assessment of the surveyed sections of bridge no. 000000000014218: percentage of deck area in various states of delamination
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Figure 14. Delamination condition map of bridge no. 000000000014218

Survey Method

Condition Rating

Distribution (%)

Good

Fair

Poor

Serious

Manual

53.1

30

35

11

24

15




5.2.
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Table 16. Concrete quality assessment of the surveyed sections of bridge no. 000000000014218: average modulus and modulus variability

Concrete Modulus Surveyed by Ultrasonic Surface Wave
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Figure 15. Concrete modulus map of bridge no. 000000000014218
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Distribution (%) . i .
Survey Method <3.500 Ksi 3.500 - 4,500 Ksi > 4,500 ksi Mean E (ksi) Standard Deviation (ksi)
Manual 48 45 6 3,638 1,016
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Corrosion Rate Surveyed by Electrical Resistivity
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Figure 16. Map of electrical resistivity and expected corrosion rates of bridge no. 000000000014218
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Table 17. Corrosion assessment of the surveyed sections of bridge no. 000000000014218: percentage of deck area with various corrosion rates

Survey Method

Condition Rating

Distribution (%)

High

Moderate

Low

Very Low

Manual

82.2

4

12

24

61

17
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Overall Deck Condition Surveyed by Ground Penetrating Radar
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Figure 17. Map of signal attenuation and deck condition of bridge no. 000000000014218
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Table 18. Overall deck condition of the surveyed section of bridge no. 000000000014218: percentage of deck area in various states of condition

Survey Method

Condition Rating

Distribution (%)

Good

Fair

Poor

Serious

Manual

40.3

14

18

36

33

18




